ABSTRACT.--Variation in the extent of extrapair paternity among avian species could result from ecological differences in breeding synchrony and/or density, or the existence or absence of paternity guards. We studied the extrapair mating system and paternity-assurance behaviors of an asynchronously breeding tropical songbird, the Mangrove Swallow (Tachycineta albilinea), and compared this species with the synchronously breeding temperate zone Tree Swallow (Tachycineta bicolor). Mangrove Swallows had a moderate level of extrapair pa- We also compared breeding density, amount of mate guarding, frequency of within-pair 1039 
Strong evidence indicates that breeding synchrony is positively correlated with EPF frequency among species (Stutchbury and Morton 1995, Stutchbury 1998). Synchrony may allow females to assess male genetic quality more reliably, and the benefits to females and males of seeking EPFs may be greater. Mangrove Swallows have a long breeding season (five months) and low breeding synchrony. Thus, we predicted they would have a lower EPF frequency than Tree Swallows, which have a short (two month) and synchronous nesting season (Rob- We captured adults at their nest boxes using a simple trap described by Stutchbury and Robertson (1986) . Adults were marked with unique combinations of colored leg bands and small streaks of acrylic paint on the wings, tail, and breast feathers. Females were identified by the presence of an incubation patch and by copulation behavior. Blood samples were collected from the brachial vein of adults and 12-day-old nestlings and stored in PBS/EDTA. We checked nest boxes every three days to estimate first-egg dates and to determine nesting success.
Behavioral observations were conducted at nest boxes with marked pairs. We made 1-h observations at nest sites from 0700 to 1530 EST, with an average of 6 h of observation per pair. We recorded the number of copulation attempts and whether cloacal contact occurred. We analyzed mate guarding by recording male and female following behavior (i.e. flying within 15 s of each other) to and from the nest and the amount of time individual pairs spent together, and compared these during the prefertile and fertile periods. The fertile period was defined as six days before the first egg was laid until the penultimate egg was laid, which represents the period when copulations are thought to have the highest probability of fertilization (Birkhead et al. 1989). Observations during the prefertile period took place one to four weeks prior to egg laying. We calculated a synchrony index (Kempenaers 1993) for each nest by determining the proportion of females that were fertile on the same days that a given female was fertile.
Relative testis mass (testis mass/body mass) was determined by laparoscopy on males in the prelaying and nestling stages (n = 3). Males were immobilized and a 1.5-mm incision was made dorsally between the first and second ribs. Length and width measurements were converted to testis mass using the corrected formula from Moller (1991). Nonparametric statistical analysis was performed using Statistica (version 5), and parentage analysis was performed using Cervus Germ-line mutations were suspected at locus 2-7 because (1) the genotypes of four offspring (from four different broods) did not match the putative mother, (2) exclusions were expansions (n = 5) or reductions (n = 2) of one penta-nucleotide repeat with that of a parental allele, (3) excluded offspring were matched at the other three loci with their putative parents, and (4) locus 2-7 was extremely variable in Mangrove Swallows (Table 1) . Thus, all exclusions based solely on locus 2-7 (n = 7) were subsequently verified with multilocus fingerprinting.
For multilocus fingerprinting on these seven nestlings and their parents, DNA was digested with Hae III according to the manufacturers directions (BRL). with multilocus fingerprinting to be mutations (see below). Therefore, we concluded that all offspring were descendent from the putative mother For 79 offspring the non-maternal alleles at all four loci matched those of the putative father, and an additional three offspring that were excluded solely by locus 2-7 were verified to be mutations.
Of the 15 EPY, one had a complete match of the non-maternal haplotype to a neighboring male located 580 m away. The other 14 EPY could not be matched with any sampled males, including neighbors, despite sampling 73% (24 of 33) of the resident males. We could not sample males nesting in natural cavities, and we knew of fewer than 10 such nests in the study area. We assigned paternity to a given male for 83 offspring. The mean exclusionary power for the four microsatellite loci used was 0.98 (Table   1) , and the probability that the combination of paternal alleles found in an offspring of an assigned father could occur purely by chance was 0.0034 (range 0.13 to 0.0001).
Seven exclusions that were based solely on locus 2-7 (four with putative mothers, three with putative fathers) had multilocus band profiles that completely matched the profiles of the two putative parents. The proportion of bands shared between the offspring and the parent Breeding synchrony and density.--First-egg dates ranged from 31 January to 28 May, with no sharp peak in laying at any time during the breeding season (Fig. 2) ; the average synchrony was 7.7% (Table 2) Paternity-assurance behaviors.--Evidence for paternity-assurance behaviors would include (1) males following fertile females more often than females followed males, (2) males following more closely or more often during the fertile period, and (3) intrapair copulations occurring at high frequency. Males often followed females (31 to 35% of trips; Fig. 3 ) and did so significantly more often than females followed males (Wilcoxon matched-pairs test, T = 2.00, P < 0.01). Following behavior by males, however, did not vary significantly between the prefertile and fertile periods (Mann-Whitney U-test, Z = 0.90, P = 0.37). There was also no difference between the prefertile and fertile periods in the amount of time pairs spent together at their nest site (Z = 1.42, P = 0.16; Fig. 4) .
No copulations (with cloacal contact) or attempted copulations were observed during the prefertile period (n = 8 pairs, 30 h observation). The copulation rate during the fertile period averaged 0.33 -+ 0.12 copulations per h (n = 6 pairs, 18 h observation). Every coputation attempt at this stage resulted in ctoacat contact, and only one coputation occurred per bout. We observed no extrapair coputations. We estimated mean testis mass to be 0.031 ---0.002 g (n = 3 males). Given an average body mass of 15 g for Mangrove Swallows, the mean relative testis mass was 0.002 _+ 0.0004 g.
DISCUSSION
Breeding synchrony and density.--DNA fingerprinting of Mangrove Swallows in Panama revealed that 15% of the young resulted from EPFs, and 26% of the broods contained EPY. Although this EPF rate is moderate, it is significantly lower than that commonly observed in a temperate zone congener, the Tree Swallow (Table 3 ). The relatively low frequency of EPFs in Mangrove Swallows was expected based on their low level of breeding synchrony (8%), in contrast to Tree Swallows that have a high rate of EPF and high breeding synchrony (Table 3) (Skutch 1985 , Martin 1996 . It is not known whether these other lifehistory traits affect the evolution of EPF behavior We urge more study of tropical species, and of latitudinal differences in EPF frequency within species, to further test the breedingsynchrony hypothesis for the evolution of extrapair behavior in birds.
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